Background {#Sec1}
==========

Cervical cancer is the third most common type of cancer in women worldwide and is the most prevalent female malignancy in many developing countries \[[@CR1], [@CR2]\]. Although vaccination and screening are excellent preventive options, the prognosis remains poor once the cancer has developed, particularly with bulky tumors or those with the adenocarcinoma cell type \[[@CR3]--[@CR5]\]. Clinical factors, such as stage, lymph node metastasis, and parametrial involvement, may serve as prognostic markers, but they are insufficient for accurately predicting survival. Thus, biomarkers, including molecular markers, are needed, and patient care would be improved considerably if tumor behavior could be prognosticated reliably at the time of initial diagnosis.

The annexins (ANXs) are a multigene family of calcium-regulated phospholipid-binding proteins \[[@CR6]\] that share the ability to bind to negatively charged phospholipid membranes in a calcium-dependent manner. This binding is reversed by removing of calcium, and this reversible membrane-binding ability is thought to be important for vesicle aggregation and membrane organization \[[@CR6], [@CR7]\]. Twelve human ANX subfamilies (A1--A11 and A13) have been described, and each ANX has different calcium sensitivity and phospholipid specificity. In addition, the ANX are distributed differentially \[[@CR7]\] and have various functions in cellular processes, such as calcium signaling, growth regulation, cytoskeletal organization, cell division, and apoptosis \[[@CR6], [@CR8]\]. Moreover, ANXs are involved in proliferation and invasion of tumor cells \[[@CR9]\].

Up-regulation of annexin A2 (ANXA2) is associated with progression and metastasis of high-grade glioma \[[@CR10]\] and hepatocellular \[[@CR11]\], pancreatic \[[@CR12]\], colorectal \[[@CR13]\], lung \[[@CR14], [@CR15]\], and breast cancers \[[@CR16]\], whereas down-regulation of ANXA2 occurs in patients with head and neck squamous cell carcinoma \[[@CR17], [@CR18]\], esophageal squamous cell carcinoma \[[@CR19]\], and prostate cancer \[[@CR20]\], indicating that ANXA2 may be a useful marker for the prognosis of these patients.

Annexin A4 (ANXA4), also called lipocortin IV and endonexin I, is associated with progression, invasion, migration, and drug resistance of cancers \[[@CR21]--[@CR23]\]. Prior studies have demonstrated that ANXA4 expression increases in colorectal cancer \[[@CR22], [@CR24]\], invasive renal clear cell carcinoma \[[@CR25]\], and the clear cell carcinoma subtype of ovarian cancer \[[@CR26]\]. In contrast, Xin et al. reported that ANXA4 expression decreases according to the progression of prostate cancer \[[@CR27]\]. These data suggest that changes in ANXA2 and ANXA4 expression are associated with a particular tumor type, indicating that ANXs may be useful clinical biomarkers. However, knowledge on the clinical and prognostic significance of ANXA2 and ANXA4 expression in patients with cervical cancer is limited. In the present study, we investigated the prognostic significance of ANXA2 and ANXA4 in cervical cancers using immunohistochemistry and quantitative image analyses. Furthermore, we evaluated a predictive model of patient survival using combined ANX2 and ANX4 expression, as well as clinical variables.

Methods {#Sec2}
=======

Patients and tumor samples {#Sec3}
--------------------------

We retrieved 336 patients with cervical cancer who were treated at the Department of Gynecologic Oncology, Samsung Medical Center, Sungkyunkwan University School of Medicine between 2002 and 2009. None of the patients had undergone previous treatment including radiation or chemotherapy. Patients with rare histology or an advanced stage treated primarily with radiation were excluded. As a control, 46 normal cervical epithelial samples were obtained from patients treated for benign uterine fibroids. The tissue specimens and medical records were obtained with informed consent of all patients and approval of the local research ethics committee (approval no. 2009-09-002-002 and 2015-07-122; Seoul, South Korea). Additional paraffin blocks were provided by the Korea Gynecologic Cancer Bank through Bio & Medical Technology Development Program of the Ministry of Education, Science and Technology, Korea (NRF-2012M3A9B8021800). This study was additionally approved by the Office of Human Subjects Research at the National Institutes of Health.

All patients were treated primarily by radical hysterectomy with or without pelvic/para-aortic lymph node dissection. Patients with risk factors, such as lymph node metastasis, parametrial involvement, positive resection margin, and stromal invasion of more than half of the cervix, received adjuvant radiotherapy with or without concurrent chemotherapy. Following treatment, the patients were followed up every 3 months for the first 2 years, every 6 months for the next 3 years, and every year thereafter. Disease-free survival (DFS) was assessed from the date of surgery to the date of recurrence or the date of the last follow-up. Overall survival (OS) was defined from the date of surgery to the time of death, or to the date of last contact.

Western blotting {#Sec4}
----------------

To detect the cellular localization of ANXA2 and ANXA4, CaSki and HeLa cells were subjected to fractionation, as described previously \[[@CR28]\]. The cellular fractions (10 *μ*g) were separated by 4--12 % sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to a nitrocellulose membrane. After blocking for 1 h with 5 % nonfat milk in TBST (50 mM Tris, 150 mM NaCl, and 0.05 % Tween 20, pH 7.5), the membrane was probed with the following primary antibodies: anti-ANXA2 mouse monoclonal antibody (BD Biosciences, Oxford, UK; clone \# 5/ANXAII, 1:3000 dilution) and anti-ANXA4 rabbit polyclonal antibody (Abcam, Cambridge, MA; cat. \# ab33009, 1:1000 dilution). The membrane was incubated with the appropriate secondary antibodies for 1 h at room temperature. Immunoreactive bands were visualized using the SuperSignal Chemiluminescence kit (Thermo Scientific, Waltham, MA). Calnexin and lamin B1 were used as cytoplasm and nuclear extract indicators, respectively, as described previously \[[@CR28]\].

Tissue microarray and immunohistochemistry {#Sec5}
------------------------------------------

Tissue microarrays (TMAs) were constructed from tissue blocks used for routine pathological evaluation. The original archived hematoxylin-eosin--stained slides were reviewed by a pathologist. Areas in each case with the most representative histology were selected, and a 0.6 mm tissue core was taken from each donor block and extruded into the recipient array. At least three samples from separate tissue blocks were taken from donor tissue blocks to fully represent each case. A section from each microarray was stained with hematoxylin and eosin and examined by light microscopy to check the adequacy of tissue sampling.

ANX immunohistochemical staining was performed using a standard streptavidin--peroxidase method, as described previously \[[@CR29]\]. In brief, serial 4-*μ*m sections of the TMA were deparaffinized in xylene and rehydrated through a graded alcohol series. Heat-induced antigen retrieval was performed for 20 min in a pH 6.0 citrate antigen retrieval buffer (Dako, Carpinteria, CA) or in a pH 9.0 buffer for ANXA4 and ANXA2, respectively. Endogenous peroxidase activity was blocked with 3 % H~2~O~2~ for 10 min, and sections for ANXA4 were incubated with a protein block (Dako) for another 10 min. The sections were incubated with anti-ANXA2 mouse monoclonal antibody at a 1:5000 dilution for 30 min and with anti-ANXA4 rabbit polyclonal antibody at a 1:250 dilution for 2 h. The antigen-antibody reaction was detected with the Dako EnVision + Dual Link System-HRP (Dako) and DAB+ (3, 3′-diaminobenzidine; Dako). Tissue sections were lightly counterstained with hematoxylin and examined by light microscopy. Human renal tumors and human intestinal villi were taken as positive ANXA2 and ANXA4 controls, respectively. Negative controls were processed by omitting the primary antibody.

Quantitative evaluation of immunostaining {#Sec6}
-----------------------------------------

Staining was quantitatively evaluated using computer-assisted image analyzing software (Visiopharm, Hoersholm, Denmark), as described previously \[[@CR28]\]. In brief, slides were scanned using a whole slide scanner (NanoZoomer 2.0, Hamamatsu Photonics, Hamamatsu City, Japan) and imported into Visiopharm software using the TMA workflow. Staining intensity was categorized as 0, 1+, 2+, and 3+ according to the distribution pattern across cores. A brown staining intensity (0-negative, 1-weak, 2-moderate, and 3-strong) was obtained using a predefined algorithm and optimized settings. The overall immunohistochemical score (histoscore) was expressed as the percentage of positive cells multiplied by their staining intensity (possible range, 0--300). Quantitative digital image analysis was possible in all 366 cases with a wide range of histoscore. For the survival analysis, expression values were dichotomized (positive vs. negative) with the cut-off values showing the most discriminative power (histoscore of 94 for ANXA2 and 51 for ANXA4) (Additional file [1](#MOESM1){ref-type="media"}: Figure S1).

In-silico analysis for GSE44001 and TCGA cervix {#Sec7}
-----------------------------------------------

To examine the prognostic significance of the *ANXA2* and *ANXA4* mRNA expression, data from the Gene Expression Omnibus (GEO) and The Cancer Genome Atlas (TCGA) were analyzed, as described previously \[[@CR29], [@CR30]\]. A total of 300 patient samples were evaluable for GSE44001 (<http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc>= GSE44001), and 265 of the samples were also included in the immunohistochemical analysis of this study. The pan-cancer normalized form of the cervical cancer RNA‐seq data (version: 2015-02-24), which were obtained using Illumina HiSeq (Illumina, San Diego, CA, USA), were downloaded from TCGA Research Network for the TCGA data analysis (<http://cancergenome.nih.gov/>). mRNA expression values were dichotomized according to quartile values (lower than 25 percentile vs. higher than 75 percentile) for the survival analysis.

Statistical analysis {#Sec8}
--------------------

The statistical analysis was performed using R software ver. 3.1.2. Student's t-test or the Mann--Whitney *U*-test was used to compare the continuous variables between groups. Spearman's rho coefficient analysis was used to assess correlations between parameters. Survival distributions were estimated using the Kaplan--Meier method and the relationships between survival and each parameter were analyzed with the log-rank test. A Cox proportional hazards model was created to identify independent predictors of survival.

To assess the predictive power of integrating the molecular data (ANXA2 and ANXA4) with clinical variables, we modified the random survival forest (RSF) method to include both clinical and molecular features \[[@CR31]\]. We used clinical features (International Federation of Gynecology and Obstetrics (FIGO) stage, lymph node metastasis, lymphovascular invasion, stromal depth of invasion, parametrial involvement, and resection margin) to build the clinical RSF model. We then combined the molecular-level features with the clinical variables to build a new RSF model. We randomly split the samples into two groups for each set: 80 % as the training set and 20 % as the test set. The RSF models were built using the R package "Random Survival Forest" with the default parameters. The models were applied to obtain the test set for prediction, and the concordance index (C-index) was calculated using the R package "survcomp". The C-index is a nonparametric measure to quantify the discriminatory power of a predictive model: a C-index of 1 indicates perfect prediction accuracy and a C-index of 0.5 is as good as a random guess \[[@CR32]\]. The above procedure was repeated 100 times to generate 100 C-index values for each set. To compare performance between clinical variables only and the clinical variables plus the ANXA2/ANXA4 data, we used the Wilcoxon signed-rank test to calculate the *p* value. A *p* \< 0.05 was considered significant.

Results {#Sec9}
=======

Clinicopathological patient characteristics {#Sec10}
-------------------------------------------

The clinicopathological characteristics of the 366 patients are presented in Table [1](#Tab1){ref-type="table"}. Mean age of the patients was 48.9 ± 11.2 years. In total, 291 (86.6 %) patients were stage IIA or less and 45 (13.4 %) were stage IB2 or IIB. Tumor sizes ranged from 0.1 to 10.5 cm (mean, 3.21 cm). Postoperative radiotherapy with or without concurrent chemotherapy was administered to 160 patients (47.6 %). With a mean follow-up time of 66 months (range, 1--143 months), forty-six cases (13.7 %) developed recurrence and 20 patients (6.0 %) died.Table 1Correlation between annexin expression and the clinicopathological characteristics of patients with cervical cancerGroupNoANXA2ANXA4Mean histoscore \[95 % CI\]*P* valueMean histoscore (95 % CI)*P* value Normal46133 \[111--156\]0.00234 \[21--46\]\<0.001 Cancer33694 \[88--101\]73 \[65--81\]Age \<50 year20395 \[87--103\]0.73179 \[68--89\]0.096 \>50 year13393 \[83--103\]65 \[53--77\]FIGO Stage ≤ IIA29190 \[83--97\]0.00274 \[66--83\]0.543 ≥ IIB45121 \[103--138\]67 \[47--88\]Cell type SCC256101 \[93--108\]\<0.00151 \[44--58\]\<0.001 AD/ASC8073 \[62--84\]145 \[126--163\]Tumor size ≤4 cm25690 \[82--97\]0.01076 \[66--85\]0.317 \>4 cm80109 \[96--121\]66 \[49--83\]LVSI Negative20288 \[80--96\]0.01983 \[72--93\]0.005 Positive133104 \[93--114\]60 \[48--72\]Depth of invasion \<50 %10870 \[60--80\]\<0.00170 \[55--84\]0.565 ≥50 %228106 \[98--113\]75 \[65--85\]LN metastasis Negative25688 \[81--95\]0.00276 \[66--85\]0.250 Positive80113 \[100--127\]65 \[50--81\]PM involvement Negative30592 \[85--98\]0.03174 \[65--82\]0.662 Positive31118 \[95--141\]68 \[42--94\]Resection margin Negative32394 \[87--100\]0.42075 \[66--83\]0.032 Positive13111 \[66--157\]43 \[15--71\]Primary Treatment OP only17182 \[73--90\]\<0.00178 \[66--90\]0.354 OP + RT70110 \[95--125\]71 \[53--89\] OP + CCRT90107 \[95--119\]68 \[54--82\] Neoadjuvant575 \[45--105\]26 \[8--59\]*ANX* annexin, *FIGO* International Federation of Gynecology and Obstetrics, *SCC* squamous cell carcinoma, *AD* adenocarcinoma, *ASC* adenosquamous cell carcinoma, *LVSI* lymphovascular space invasion, *LN* lymph node, *PM* parametrium, *OP* operation, *RT* radiotherapy, *CCRT* concurrent chemoradiation

ANXA2 and ANXA4 expression {#Sec11}
--------------------------

To examine the prognostic significance of *ANXA2* and *ANXA4* mRNA expression, we analyzed the GEO and TCGA database. Patients with high *ANXA4* mRNA expression showed significantly poorer OS (*p* = 0.027) (Additional file [1](#MOESM1){ref-type="media"}: Figure S2).

Next, we performed Western blot using fractionated CaSki and HeLa cell lysates to examine the specificity anti-ANXA2 and anti-ANXA4 antibodies. ANXA4 was predominantly detected in the cytosolic fraction, whereas ANXA2 was detected in whole, cytosolic, and nuclear lysates (Fig. [1](#Fig1){ref-type="fig"}). The purities of the cytosolic and nuclear fractions were confirmed with calnexin and lamin B1, respectively. In addition, we performed immunohistochemistry in cervical cancer and normal tissues. ANXA2 staining was detected only in the membranes of normal cervical epithelium, whereas it was present in both the membranes and cytoplasm in cancerous tissues. ANXA4 staining was primarily observed in the cytoplasm. Representative examples of positive and negative staining are shown in Fig. [2](#Fig2){ref-type="fig"}. A significant increase in ANXA4 expression was detected in cancer tissues compared with that in normal cervix (mean histoscores; 73 vs. 34, *p* \< 0.001). In contrast, ANXA2 expression was lower in cancer tissues than that in normal tissues (mean histoscores; 94 vs. 133, *p =* 0.002). A positive correlation was detected between mRNA and protein expression in patients with both protein and mRNA expression data from GSE44001 (Additional file [1](#MOESM1){ref-type="media"}: Figure S3).Fig. 1Subcellular localization of annexin A2 (ANXA2) and annexin A4 (ANXA4) in cervical cancer cell lines. Whole (W), cytosolic (C), and nuclear (N) fractions from CaSki and HeLa cells were analyzed by Western blot. Calnexin and lamin B1 were used as an index for the cytosolic and nuclear fractions, respectivelyFig. 2Representative immunohistochemical images of annexin A2 (ANXA2) and annexin A4 (ANXA4) in cervical cancer tissue. ANXA2 expression was strongly detected in the membranes of normal tissues (**a**), whereas ANXA4 staining was weakly observed in the cytoplasm of normal tissues (**e**). Negative staining demonstrated a lack of ANXA2 (**b**) and ANXA4 (**f**) expression. ANXA2 staining was mainly observed in the membranes of squamous cell carcinoma (**c**) and adenocarcinoma (**d**) cervical cancer tissues. ANXA4 staining was restricted to the cytoplasm of squamous cell carcinoma (**g**) and adenocarcinoma (**h**) (×200). Scale bar represents 50 *μ*m

ANXA2 and ANXA4 expression was associated with cell type. ANXA2 was more highly expressed in squamous cell carcinoma, whereas ANXA4 was expressed more prominently in adeno-/adenosquamous carcinoma (*p* \< 0.001 and *p* \< 0.001, respectively) (Table [1](#Tab1){ref-type="table"}). The positive correlation between mRNA and protein expression was more prominent in squamous cell carcinoma for ANXA2 and in adenocarcinoma for ANXA4 (Additional file [1](#MOESM1){ref-type="media"}: Figure S3), suggesting that these ANXs potentially have different roles according to cervical cancer cell type.

ANXA2 expression was associated with a more aggressive cancer phenotype (Table [1](#Tab1){ref-type="table"}). High ANXA2 expression was positively correlated with higher stage, large-sized tumors, lymphovascular space invasion, stromal invasion depth, lymph node metastasis, and parametrial involvement (*p* = 0.002, *p* = 0.01, *p* = 0.019, *p* \< 0.001, *p* = 0.002, and *p* = 0.031, respectively). In contrast, ANXA4 expression was not associated with an aggressive phenotype, although it was more highly expressed in cancer tissue compared with normal tissue. To examine the association between ANX protein expression and chemo and/or radiotherapy resistance, we grouped patients receiving radiotherapy and/or chemotherapy into "resistant" (recurred within 3 years) or "sensitive" (no recurrence within 3 years) groups. As shown in Fig. [3](#Fig3){ref-type="fig"}, ANXA4 expression was significantly correlated with resistance to chemotherapy and/or radiation (*p* = 0.029).Fig. 3Association between chemoradiation response and annexin A2 (ANXA2) and annexin A4 (ANXA4) expression. ANXA4 expression was significantly correlated with resistance to chemoradiation (*p =* 0.029) (**b**), whereas ANXA2 expression was not (**a**)

Prognostic significance of ANXA2 and ANXA4 {#Sec12}
------------------------------------------

The estimated five-year DFS and OS rates for the whole group were 87 % (95 % confidence interval \[CI\] 83--91) and 96 % (95 % CI, 93--98), respectively. ANXA2 and ANXA4 expression was significantly associated with poor DFS (*p* = 0.004 and *p* = 0.033, respectively) and OS (*p* = 0.245 and *p* = 0.032, respectively) (Fig. [4](#Fig4){ref-type="fig"}). The 5-year DFS rates were 80 and 81 % in patients with positive ANXA2 and ANXA4 expression, respectively, compared with 92 and 91 % in patients with negative expression. Similarly, 5-year OS rates were 94 and 94 % in patients with positive ANXA2 and ANXA4 expression respectively, compared with 97 and 97 % for patients with negative expressions*.* The combination of markers showed even greater discriminatory power and identified subgroups with 5-year DFS rates of 71 % vs. 95 % and 5-year OS rates of 91 % vs. 98 % using the ANXA2 and ANXA4 combination. The Cox proportional hazards model showed that expression of ANXA2 and combined ANXA2/ANXA4 expression remained an independent prognostic factor for DFS (hazard ratio \[HR\] = 2.72, 95 % CI, 1.41--5.27, *p* = 0.003; HR = 2.69, 95 % CI, 1.05--6.90, *p* = 0.039, respectively) (Table [2](#Tab2){ref-type="table"}, Additional file [2](#MOESM2){ref-type="media"}: Table S1).Fig. 4Kaplan-Meier plot for disease-free survival (DFS) and overall survival (OS) categorized based on annexin A2 (ANXA2) and annexin A4 (ANXA4) protein expression. High ANXA2 expression was associated with short DFS (*p* = 0.004) (**a**) but not with short OS (*p* = 0.245) (**d**). High ANXA4 expression was associated with short DFS (*p* = 0.033) (**b**) and OS (*p* = 0.032) (**e**). The association between high ANXA2/ANXA4 expression with DFS (**c**) and OS (**f**) was significantly different from that of low ANXA2/ANXA4 expression (*p* \< 0.001 and *p* = 0.017, respectively). *P*-values were obtained from log-rank testsTable 2Univariate and multivariate analyses of the association between prognostic variables and disease-free survival in patients with cervical cancerRisk factorUnivariateMultivariateHazard ratio \[95 % CI\]*P* valueHazard ratio \[95 % CI\]*P* valueFIGO stage (\> IIB)2.44 \[1.24--4.82\]0.0101.38 \[0.67--2.84\]0.381Cell type (AD)2.88 \[1.62--5.14\]\<0.0014.58 \[2.48--8.45\]\<0.001LN metastasis4.13 \[2.31--7.38\]\<0.0013.82 \[2.03--7.18\]\<0.001Tumor size (\>4 cm)1.7 \[0.92--3.15\]0.0921 \[0.51--1.95\]0.994PM involvement2.24 \[1.05--4.81\]0.0381.23 \[0.55--2.76\]0.62ANXA2+2.33 \[1.28--4.25\]0.0062.72 \[1.41--5.27\]0.003ANXA4+1.89 \[1.04--3.41\]0.0361.28 \[0.64--2.56\]0.479ANXA2+/ANXA4+4.21 \[1.75--10.09\]0.0012.69 \[1.05--6.90\]0.039*CI* confidential interval, *ANX* annexin, *FIGO* International Federation of Gynecology and Obstetrics, *AD* adenocarcinoma, *LN* lymph node, *PM* parametrial

Assessment of the prognostic value of ANXA2 and ANXA4 {#Sec13}
-----------------------------------------------------

To examine whether molecular data and ANXA2 and ANXA4 protein expression provided additional prognostic power when used with the clinical variables, we compared the predictive models using only the clinical variables and the combined clinical/molecular variables. The combined clinical/molecular-variable model predicting death resulted in significantly improved power (mean C-index, 0.76; range, 0.73--0.79) compared to the clinical-variable-only model (mean C-index, 0.70; range, 0.68--0.73) (*p* = 0.006) (Fig. [5](#Fig5){ref-type="fig"}). For models predicting recurrence, the combined clinical and ANXA2/ANXA4 model showed similar predictive power (mean C-index, 0.76, 95 % CI, 0.75--0.78) to clinical-variable-only model (mean C-index, 0.75, 95 % CI, 0.73--0.77).Fig. 5Comparison of survival predictive power of the clinical variables and the combined clinical and molecular data. We used the clinical variables (FIGO stage, lymph node metastasis, lymphovascular invasion, stromal depth of invasion, parametrial involvement, and resection margin) for the analysis. During 100 random splits, 80 % of all samples were used to train the model and the remaining 20 % were used as the test set for the C-index calculations. The white box highlights the model built from the clinical variables, and the grey-colored box highlights the models integrating the ANXA2 and ANXA4 data and clinical variables. The combined clinical and ANXA2/ANXA4 model predicting recurrence showed similar predictive power with the clinical variable model (**a**). However, the combined clinical/molecular-variable model showed better performance than that based only on clinical variables in the model predicting death (Mann-Whitney *U*-test, *p =* 0.006) (**b**). The dashed lines mark the C-index equivalent to a random guess (C-index = 0.5)

Discussion {#Sec14}
==========

ANXA2 exists as a monomer or heterotetramer composed of two ANXA2 molecules and partner molecules and has four forms, including secrete, membrane-bound, cytoplasmic, and nuclear forms \[[@CR33]\]. In the present study, levels of ANXA2 expression decreased in cervical cancer tissues compared to those in normal tissues; however, differences in subcellular localization were detected (Fig. [2](#Fig2){ref-type="fig"}). ANXA2 was detected very strongly near the cytosolic membrane in normal cervical epithelial specimens, whereas it was detected in both membranes and the cytoplasm in cervical cancer tissues. This finding suggests that ANXA2 may not just play a role as a Ca^2+^ binding protein on the membrane surface, but also as a component of dynamic trafficking pathways, such as exocytosis and endocytosis \[[@CR6]\]. Enhanced trafficking pathways are an emerging feature of cancers during initiation and progression \[[@CR34]\]. Concomitantly, the increase of ANXA2 expression was associated with a more aggressive phenotype among cervical cancer tissues examined in this study (Table [1](#Tab1){ref-type="table"}). Nuclear ANXA2 was detected by Western blot in cervical cancer cell lines (Fig. [1](#Fig1){ref-type="fig"}). In general, ANXA2 expression in the nucleus is considered a cell-cycle-dependent phenomenon \[[@CR33]\]. We also found that ANXA2 and ANXA4 were differentially expressed according to cell type, suggesting that each ANX potentially has a different role in squamous cell carcinoma or adenocarcinoma in patients with cervical cancer. Furthermore, we demonstrated that high ANXA2 and ANXA4 expression predicted poor survival in patients with cervical cancer, which was supported by the improved predictive power of a model using combined clinical-ANXA2/ANXA4-variables. These results suggest that ANXA2 and ANXA4 protein analyses can be a prerequisite in diagnoses of cervical cancers and may guide the patient therapy.

Few reports are available on ANX expression in cervical cancer or its correlation with prognosis. Jin et al. evaluated the significance of ANXA2 protein expression to predict the response to neoadjuvant chemotherapy in patients with cervical cancer \[[@CR35]\]. ANXA2 protein expression correlates with tumor response to chemotherapy, and ANXA2 expression in stromal cells was an independent prognostic factor for DFS. No report has evaluated ANXA4 expression and prognosis of cervical cancer.

ANXA2 expression was associated with an aggressive phenotype, such as higher stage, large-sized tumors, lymphovascular invasion, invasion depth, lymph node metastasis, and parametrial involvement in the present study. ANXA2 promotes cell invasion in malignancies of the breast, brain, liver, and pancreas \[[@CR10]--[@CR12], [@CR36], [@CR37]\] and enhances cell motility and cell adhesion of prostate and hepatocellular carcinoma cells \[[@CR38], [@CR39]\]. One of the mechanisms enhancing cancer metastasis is the interaction between ANXA2 and its binding proteins, which play an important role in the tumor microenvironment \[[@CR40]\]. ANXA2 binds with plasminogen and tissue plasminogen activator on the cell surface, leading to the conversion of plasminogen to plasmin, which plays a key role activating metalloproteinases and degrading the extracellular matrix components essential for metastatic progression. In addition, after binding to collagen I, cathepsin B and tenascin-C, ANXA2 assists in maintaining plasticity and rearrangement of the actin cytoskeleton which is important in metastasis \[[@CR41], [@CR42]\]. In support of these findings, ANXA2 siRNA or neutralizing antibodies significantly inhibit motility and invasion of ovarian cancer cells in vitro and in vivo \[[@CR40]\].

Persistent infection of human papillomavirus (HPV) is highly associated with cancers arising in squamous epithelium, and approximately 90 % of cervical cancer cases are associated with HPV as a causative agent \[[@CR43]\]. HPV must gain entry into host basal cells of the epithelium to deliver its double-stranded DNA to the nucleus and the HPV capsid proteins play a vital role in these steps \[[@CR44]\]. However, the mechanisms of entry and the specific receptors directly involved in the internalization of oncogenic HPVs remains unclear. Dziduszko and Ozbun have shown that HPV16 particles interact with ANXA2 in association with S100A10 as a heterotetramer at the cell surface in a Ca^2+^-dependent and likely a heparin-sulfonated proteoglycan-dependent manner \[[@CR45]\]. They confirmed the role of ANXA2 in HPV16 infection by showing that (i) early HPV16 binding results in extracellular translocation of ANXA2, (ii) ANXA2 cointernalizes and mediates intracellular trafficking of HPV16 and (iii) anti-A2 and anti-S100A10 antibodies block HPV16 infection at different stages of HPV16 infection. Notably, Woodham et al. have reported that small molecular inhibitors of the ANXA2 heterotetramer prevent HPV16 pseudovirions infection in HeLa cells \[[@CR46]\]. These data indicate that ANXA2 may play a critical role in tumorigenesis, which could potentially be applied as a therapeutic target of cervical cancer.

The role of individual ANXs has been reported in various cancer types in previous studies. Mussunoor and Murray overviewed the role of each ANX on a variety of cellular functions including cell proliferation, apoptosis, angiogenesis, invasion and differentiation \[[@CR9]\]. Except ANXA9 and ANXA13, changes in the expression of individual ANXs were observed in a diversity of cancers, including gastric carcinoma, colorectal cancer, pancreatic cancer, breast cancer, glioma, kidney cancer, hepatocellular, carcinoma, melanoma, but not in cervical cancer \[[@CR9]\]. In order to assume the influence of HPV on ANX expression in cervical cancer, we analyzed the TCGA pan-cancer data. The level of *ANXA2* mRNA expression is relatively high in the cervical and head/neck cancers which are largely correlated with HPV infection, whereas *ANXA4* mRNA expression showed intermediate level in the both cancers (Additional file [1](#MOESM1){ref-type="media"}: Figure S4).

The association between ANXA2 and ANXA4 expression and specific HPV type infection could not be assessed in the present study due to the lack of clinical information about the specific HPV type infection in patients. Therefore, we analyzed the TCGA database in order to assess the relationship between *ANXA2* and *ANXA4* mRNA expression and specific HPV type infection. The HPV type information is only available from 22 patients with cervical cancer. *ANXA2* and *ANXA4* mRNA expression showed no difference among the HPV types (Additional file [1](#MOESM1){ref-type="media"}: Figure S5). Studies evaluating the relation between a different type of HPV and ANX function will give further insight about the role of ANXs in cervical carcinogenesis.

The poor survival in patients who expressed ANXA2 and ANXA4 seen in this study may have been due to the correlation with aggressive phenotype, particularly in those who expressed ANXA2. However, another important possibility is an association with radio/chemo resistance. ANXA4 expression was significantly associated with chemo/radio resistance in this study. Although the functions of ANXA4 are not completely known, many studies have identified the involvement of ANX in membrane permeability \[[@CR47]\], exocytosis \[[@CR48], [@CR49]\], and regulation of ion channels \[[@CR50]\]. These functions may explain the involvement of ANXA4 in modulating drug resistance through efflux of intracellular chemotherapy drugs in cancer cells. In addition to increased efflux, modulation of the transcriptional activity of nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) has been suggested as a mechanism of chemoresistance. A previous study identified an association between ANXA4 and NF-kB transcriptional activity. Jeon et al. \[[@CR51]\] showed that ANXA4 suppresses NF-kB transcriptional activity, which is significantly upregulated immediately after etoposide treatment. ANXA4 translocate to the nucleus together with p50 and imparts greater resistance to apoptosis stimulation by etoposide. They concluded that ANXA4 differentially modulates the NF-kB signaling pathway, depending on the interaction with p50 and intracellular Ca2^+^ levels. We also shown previously that overexpression and nuclear localization of ANXA4 are related to chemoresistance and poor survival in patients with serous papillary ovarian carcinomas \[[@CR52]\]. In contrast to ANXA4, the association between ANXA2 and chemoresistance has not been well studied and remains unclear.

Conclusions {#Sec15}
===========

In conclusion, our results show that ANXA2 and ANXA4 protein expression, alone or in combination, are independently poor prognostic factors of survival in patients with cervical cancer. This information can be helpful in the management of patients with cervical cancer. Patients who express high levels of ANXA2 and ANXA4 should be considered for closer follow-up or intensified adjuvant treatment.
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Additional file 1: Figure S1.Histoscore distribution of annexin A2 (ANXA2) and annexin A4 (ANXA4) expression using a quantitative image analysis. Dashed vertical lines indicate the chosen cut-off values (ANXA2 = 94 and ANXA4 = 51). Figure S2. Kaplan-Meier survival curves according to annexin A2 (ANXA2) and annexin A4 (ANXA4) mRNA expression. Data were retrieved from the GEO (<http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE44001>) and TCGA (RNA-seq databases (version: 2015-02-24). The mRNA expression values were dichotomized according to quartile values (lower than 25 percentile vs. higher than 75 percentile). Figure S3. Correlations between annexin A2 (ANXA2) and annexin A4 (ANXA4) mRNA and protein expression. Positive correlations were noted in both ANXA2 (*Spearman's rho* = 0.273, *p* \< 0.001) and ANXA4 (*Spearman's rho* = 0.293, *p* \< 0.001). A subgroup analysis showed a positive correlation between ANXA2 expression and squamous cell carcinoma (*Spearman's rho* = 0.255, *p* \< 0.001) and ANXA4 expression and adenocarcinoma (*Spearman's rho* = 0.389, *p* = 0.002). Figure S4. *ANXA2* and *ANXA4* mRNA expression according to cancer types. (Data from cBioPortal Cancer Genomics: [www.cbioportal.org](http://www.cbioportal.org/)). Figure S5. *ANXA2* and *ANXA4* mRNA expression according to HPV type infected. Data was retrieved from TCGA (RNA-seq database version 2015-02-24). (PPTX 1250 kb)Additional file 2: Table S1.Univariate and multivariate analyses of the association between prognostic variables and overall survival in patients with cervical cancer. (DOCX 15 kb)

We thank Kris Ylaya and Candice Perry for technical assistance.

Funding {#FPar1}
=======

This study was supported in part by a grant from the Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by the Ministry of Education, Republic of Korea (2013R1A1A2013629) and the Intramural Research Program of the NIH, National Cancer Institute, Center for Cancer Research.

Availability of data and materials {#FPar2}
==================================

Data is available in the supporting files.

Authors' contributions {#FPar3}
======================

CHC, J-YC, D-SB and SMH conceived of the study and devised the experimental design. CHC, J-YC, EJC, and JDS performed experiments. CHC, J-YC, J-WL, D-SB and SMH performed data analysis for experiments or clinical records. CHC and J-YC drafted the final version of the manuscript and figure legends. D-SB and SMH revised the figures, added critical content to the discussion and were responsible in revising all portions of the submitted portion of the manuscript. All contributors meet the criteria for authorship. All authors read and approved the final manuscript.

Competing interests {#FPar4}
===================

The authors declare that they have no competing interests.

Consent for publication {#FPar5}
=======================

Not applicable.

Ethics approval and consent to participate {#FPar6}
==========================================

Written informed consent for the use of tissues for research was obtained from patients. The study was reviewed and approved by the Regional Research Ethics Committee (approval no. 2009-09-002-002 and 2015-07-122; Seoul, South Korea). This study was additionally approved by the Office of Human Subjects Research at the National Institutes of Health.
